Empirical evidence suggests that people on average overestimate their own ability in a variety of circumstances. Little is known, however, about the origins of such overconfidence. To shed some light on this issue, we use the classic twin design to estimate the genetic and environmental contributions to individual differences in overconfidence. We collect data on overconfidence among 460 twin pairs. Overconfidence is measured as the difference between the perceived and actual rank in cognitive ability. Cognitive ability is measured using a 20-minute test of general intelligence. We find a highly significant joint effect of genes and common environment, but our estimates of the relative contributions of genetic and common environmental variation are less precise. According to our point estimates, genetic differences explain 16-34% of the variation in overconfidence depending on the definition of overconfidence used and common environmental differences explain 5-11%. (JEL: C91, D87, Z13)
Introduction
Following the seminal contribution of Svenson (1981) , who reported an aboveaverage effect in perceived driving ability, a number of psychological studies have found evidence of overconfidence in various domains. Recently, economists have analyzed how this finding might be brought to bear on a number of important issues in economics, for instance excess entry into markets (Camerer and Lovallo 1999) , and gender differences in competitiveness (Niederle and Vesterlund 2007) . However, little is known about individual variation in overconfidence. One way to examine individual variation is to ask to what extent individual differences are genetically inherited or shaped by environmental differences.
In this study we use the classic twin design to investigate this issue. The virtue of the twin design is that by comparing monozygotic twins, who share the same set of genes, and dizygotic twins, whose genes are imperfectly correlated, we can estimate the proportion of variance in phenotype due to genetic, shared, and non-shared environmental effects (Neale and Cardon 1992) . We collect data on overconfidence among 460 twin pairs. From the same data collection we have previously reported results showing that genetic differences explain a sizeable fraction of the variation in economic preferences (Wallace et al. 2007; Cesarini et al. 2008; Cesarini et al. 2009 ). Overconfidence is measured as the difference between the perceived and actual rank in cognitive ability. In a second adjusted overconfidence measure we also control for the effect of cognitive ability on overconfidence in this measure. Actual cognitive ability is measured using a 20-minute test of cognitive ability, whereas perceived cognitive ability is measured by asking participants to indicate how they believe they will rank, prior to taking the test.
We find a highly significant joint effect of genetic and common environmental variation. Our point estimates are less precise, but suggest that genetic variation is more important than common environmental variation. According to our point estimates genetic differences explain 16-34% of the variation in overconfidence depending on the definition of overconfidence used, and common environmental differences explain 5-11%.
Design and Methods
The study was undertaken in collaboration with the Swedish Twin Registry (Lichtenstein et al. 2006) at Karolinska Institutet and data was collected in 16 major Swedish cities in summer 2006 and spring 2008. We invited same-sex twins born between 1960 and 1985 living in these cities to participate in the study. A condition for participation was that both twins in a pair were able to attend the same experimental session. The invitations were sent out by e-mail and were only sent out to twin pairs that had previously participated in a Web-based survey called STAGE (The Study of Twin Adults: Genes and Environment). The STAGE survey was administered to all twins in Sweden born , and achieved a response rate of 61%. In total 460 twin pairs participated in our study: 319 monozygotic (MZ) twin pairs and 141 dizygotic (DZ) twin pairs. Out of the 920 participants, 16 subjects failed to respond to the overconfidence question or to complete the test of cognitive ability. Thus, our data set in the analysis consists of 904 individual observations (629 MZ twins and 275 DZ twins), and 444 complete twin pairs (311 MZ pairs and 136 DZ pairs). Zygosity was assigned by questionnaire items which have been shown to have a reliability of 95-98% (Lichtenstein et al. 2006 ). See Cesarini et al. (2009) for a further discussion about the representativeness of our sample and for full details on experimental procedures.
To measure overconfidence, subjects filled out a short questionnaire and then took a test of cognitive ability. In the last question on the questionnaire subjects were informed that they were about to take a test of cognitive ability, and were asked to estimate how they would rank relative to other participants in the study. Subjects rated which decile in the distribution of cognitive ability they thought they belonged to. Overconfidence can then be measured as the difference between the actual ranking on the cognitive test and the perceived ranking in the overconfidence question (with both rankings standardized between 1-100). The cognitive ability test used is a short, standard psychometric test of general intelligence developed by the Swedish psychometric company Psykologiförlaget (Sjöberg, Sjöberg, and Forssén 2006) . Subjects had 20 minutes to complete the test, and were notified with 5 and 1 minutes remaining. The test is divided into three sections on analogies, number series, and logical series. We refer to the test score as cognitive ability.
We report results for overconfidence defined in two different ways with our data. First we report results for an unadjusted measure of overconfidence as defined previously. We refer to this measure as "unadjusted overconfidence." A potential problem with this measure of overconfidence is that there may be floor and ceiling effects; a person with an actual cognitive ability in the first decile cannot be overconfident by definition (and a person in the lowest decile can conversely not be "underconfident"). This problem, discussed at length in Juslin, Winman, and Olsson (2000) and Erev, Wallsten, and Budescu (1994) , may create an artificial correlation between overconfidence and cognitive ability. As cognitive ability is heritable (Plomin and Rende 1991) , such an artificial correlation will lead to upward bias in the estimated heritability in overconfidence. We therefore also construct a second overconfidence measure controlling for the actual ranking in cognitive ability. To construct this measure of overconfidence we residualize unadjusted overconfidence on cognitive ability. The residuals of this regression are used as our second measure of overconfidence. We refer to this second overconfidence measure as "adjusted overconfidence" herein. As it is possible that overconfidence varies with cognitive ability so that individuals with higher cognitive ability are less overconfident, it is likely that this measure underestimates the heritability of overconfidence. If so, we can therefore interpret our two measures of overconfidence as providing an upper and a lower bound on heritability.
Twin methodology utilizes the difference in genetic relatedness between MZ and DZ twins to identify the heritability of a trait. MZ twins have identical genes and DZ twins share 50% of the same genes on average. This implies that the correlation in a trait will be higher for MZ twins than DZ twins if the trait is heritable. As a first test of heritability in overconfidence we therefore compare the correlations in overconfidence between MZ and DZ twin pairs. We use bootstrap techniques to test if the MZ correlation exceeds the DZ correlation, that is, testing the hypothesis that genetics exerts an influence on overconfidence. 1 The MZ correlations also provide an estimate of the fraction of the variance in overconfidence that is jointly explained by genes and common environment. We therefore test if the MZ correlation differs from zero to provide a test of this joint hypothesis.
In addition we provide a full-fledged variance decomposition by estimating an ACE model (Neale and Cardon 1992 ). This workhorse model in the behavior genetics literature posits that additive genetic factors (A), common environmental factors (C), and specific environmental factors (E) account for all individual differences in the phenotype of interest. Common environment factors are typically thought of as those environmental influences shared by both twins, for instance the home environment they are raised in. Specific environmental effects include environmental factors not shared by the other twin. Any measurement error will also show up in the specific environmental influences.
Start with the case of MZ twins. Let all variables, including the phenotype, be expressed as deviations from zero and standardize them to have unit variance. Consider a pair of MZ twins and suppose first that the phenotype can be written as the sum of two independent influences: additive genetic effects, A, and environmental influences, U . We then have that
and, using a superscript to denote the variables for twin 2 in a pair,
Because for MZ twins A = A , the covariance (which, due to our normalization, is also a correlation) between the phenotypes of the two twins is given by
Now consider a DZ pair. Under the assumptions of random-assortative mating with respect to the trait of interest, and genetic additivity, it will be the case that Cov(A, A ) DZ = 0.5.
We then have that
1. Letting N MZ be the number of MZ pairs, we draw N MZ pairs with replacement 1,000 times and calculate both the parametric and the non-parametric correlation each time. We do the same for DZ twins, and then create a 1,000 × 1 vector where the DZ correlation is subtracted from the MZ correlation for each draw. This gives a distribution for the difference in correlation between the two samples. The one-sided p-value for the test of the hypothesis that the two correlations are equal is then equal to the number of instances where the vector of differences takes a negative value divided by ten.
Finally, we impose the equal environment assumption, namely, that
Critics of the classic twin design cite a number of alleged failures of the equal environment assumption. A common theme of these criticisms is that MZ twins receive more similar treatment (Pam et al. 1996) . It is important to emphasize that even if MZ twins are treated more similarly, this does not in and of itself constitute a violation of the assumption; greater similarity in environment may be caused by the greater similarity in genotypes (Plomin et al. 2001) . Such similarity may arise for two reasons: Genes may affect the way in which environment reacts to an individual, and genes can affect the environment individuals choose for themselves (Jencks 1980) .
The most important evidence in favor of the equal environment assumption is that studies of MZ and DZ twins who were reared apart tend to produce estimates of heritability similar to those using twins reared together (Bouchard 1998) . Because studies of twins reared apart do not rely on the equal environments assumption, findings from such studies seem to validate the basic model. Also, in the relatively rare cases where parents miscategorize their twins as MZ instead of DZ (or the converse), differences in correlations of cognitive ability and personality persist (Bouchard and McGue 2003) . It follows from these assumptions that heritability, the fraction of variance explained by genetic factors, is identified as
In the standard behavior genetics framework, environmental influences are generally written as the sum of a common environmental component and a non-shared environmental component such that
With this terminology, the environmental covariance component of the phenotypic correlation, u 2 Cov(U, U ), can be written as c 2 , because by definition any covariance must derive only from the common component. This allows us to write the individual variation as the sum of three components a 2 , c 2 , and e 2 ; a 2 is the share of variance explained by genetic differences, c 2 is the share of variance explained by common environmental influences, and e 2 the share of variance explained by non-shared environmental influences. There are a number of ways in which the parameters of this model can be estimated. We follow standard practice in using maximum likelihood under the assumption that the phenotype comes from a bivariate normal distribution. In particular, following directly from our derivation, the likelihood is maximized under the restriction that the variance-covariance matrix is of the form
where R i takes the value 1 if the observation is of an MZ pair, and 0.5 otherwise. The analyses are run in MPLUS (Muthén and Muthén 2006) , a numerical optimizer often used in behavior genetics. We estimate three models in addition to the ACE model. These three are an AE model restricting the effect of common environment to zero; a CE model restricting the genetic effect to zero; and an E model that restricts both the genetic and the common environment effects to zero.
Results
To validate the survey question on perceived cognitive ability we tested if the perceived rank was correlated with the actual rank. The Spearman correlation is 0.25 and this correlation is highly significant (p < 0.01). The distribution of overconfidence for MZ and DZ twins are shown in Figure 1 . As can be seen the distributions are similar, and we cannot reject the null hypothesis of no difference (Kolmogorov-Smirnov test; p-value = 0.75). On average subjects are mildly overconfident. The overconfidence is 5.95 for MZ twins and 6.02 for DZ twins. Both differences are significantly different from 0 (p < 0.01). The average individual in the study thus overestimates the actual ranking in cognitive ability by about 6 on the standardized 1-100 ranking. Figure 2 shows a scatterplot of unadjusted overconfidence between the two twins in MZ and DZ pairs. The overconfidence is clearly correlated between twins among MZ pairs. Also for DZ pairs we can see a positive correlation in the figure. The correlation coefficients are shown in Table 1 . The Spearman correlation is 0.44 for MZ twins. The point estimate suggests that genetic and common environmental effects explain 44% of the variance in overconfidence; this effect is highly significant. The DZ correlation is 0.29. The lower correlation for DZ pairs is consistent with a genetic effect in overconfidence. However, the difference in correlation coefficients between MZ and DZ pairs is only marginally significant (p-value = 0.06).
When we use the adjusted overconfidence measure as our outcome variable, the correlations are, as expected, lower (as shown in Figure 3 and Table 1 ). The correlation is 0.29 for MZ twins and this joint effect of genes and common environment is still highly significant. The DZ correlation is 0.18. The lower correlation for DZ pairs is consistent with a genetic effect in overconfidence, Table 1 . Correlations for monozygotic and dizygotic twin pairs (95% confidence intervals within parentheses).
Monozygotic twin pairs
Dizygotic twin pairs p-value of diff. but the difference in correlation coefficients between MZ and DZ pairs is not statistically significant with this more conservative measure of overconfidence (p-value = 0.27).
We then turn to the variance decomposition results in the ACE model. These results are shown in Table 2 . We report results both for the most general ACE model and its various nested submodels. Bootstrapped 95% confidence intervals for all parameters are also reported in parentheses. Heritability is 0.34 for the Table 2 . Maximum likelihood estimates of the structural equation ACE model and its submodels (95% confidence intervals in parentheses). unadjusted overconfidence, and 0.16 for adjusted overconfidence. Common environment is estimated at 0.11 and 0.05, respectively. With bootstrapped confidence intervals, the estimated coefficients are not significant at the 5% level. We also report estimates from the nested submodels, which effectively restrict one of the variance components to equal zero. A simple likelihood ratio test, exploiting the fact that twice the difference in likelihood has an asymptotic χ 2 distribution, can be used to test if such a restriction entails a significant deterioration in fit (Neale and Miller 1997) . Comparing the ACE model to an E model, the deterioration in fit is highly significant for both unadjusted ( χ 2 = 78.65, p < 0.01) and adjusted overconfidence ( χ 2 = 16.62, p < 0.01). Comparing the ACE model to a CE model for unadjusted overconfidence, the difference is significant at the 5% level ( χ 2 = 4.33, p < 0.05). For adjusted overconfidence the difference between the ACE and the CE model is not significant ( χ 2 = 0.72, p = 0.40).
Concluding Remarks
We find a highly significant joint effect of genes and common environment for both measures of overconfidence. According to the point estimates for unadjusted (adjusted) overconfidence, genetic differences explain 34% (16%) of the variation in overconfidence and common environmental differences explain 11% (5%). What are the implications of these findings? A number of authors have pointed out that there is a sense in which heritability estimates are structurally uninformative (Goldberger 1979; Jencks 1980 ). Unless we know why a trait is heritable, a heritability estimate per se says little about the malleability of the trait with respect to environmental interventions (Goldberger 1979; Jencks 1980) . There are at least two substantive implications of the results reported here. The first is the perhaps most important lesson from behavior genetics: nonzero heritabilities have methodological consequences. Specifically, a definitive finding of genetic variance in overconfidence would mean that correlations in overconfidence between relatives cannot be given an environmental interpretation. Second, the findings reported here are broadly consistent with studies in behavior genetics, which typically report moderate to large genetic effects, and small to moderate effects of family environment, on a wide range of social attitude variables like personality and political preferences (Bouchard et al. 1990; Bouchard and McGue 2003; Rushton 2004; Alford, Funk, and Hibbing 2005) . The fact that similar patterns have recently been reported in economic preferences (Wallace et al. 2007; Cesarini et al. 2008; Cesarini et al. 2009 ) adds to the mounting evidence that many of the lessons that have been drawn from the study of psychological traits also carry over to economic "phenotypes."
Researchers in the differential psychology tradition routinely point out that merely averaging across groups can mask important individual differences and it is well known that under some conditions, such individual biases might matter also for aggregate outcomes (Fehr and Tyran 2005) . There are a number of instances in which one might expect individual differences, regardless of their origin, to be important for economics. For example, it is widely believed that workers self-select into occupations that reflect their comparative advantages. The findings reported here suggest that it would probably be a mistake to think of these comparative advantages as merely environmentally determined and that a more inclusive approach is called for, one which also treats genetic predispositions as sources of comparative advantage. More generally, the results reported here coupled with previous related work unequivocally point to genes as an important source of individual variation in economic preferences as well as behavioral biases.
